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Q1 An instrumented buoy (Figure Q1) is to be designed as a submerged vertical cylinder with 
cross-sectional area A and height h. The buoy is to be designed to be neutrally buoyant at a 
depth to its top of yT. The pressure force on its top surface RT is given by RT =  gyTA (RL, RR, 
and RB may be similarly defined using the same density of fluid , cross-sectional area A, and 
the appropriate depth). 
 
 
Figure Q1 Instrumented buoy 
 
 
(a) Demonstrate, using symbolic algebra, Archimedes principle as applied to the system 
shown in Figure Q1. 
(10 marks) 
 
(b) The buoy (Figure Q1) is to be used in sea water (relative density 1.02), and is to be 
made from a polypropylene tube of 400 mm external diameter and mass of 12 kg per 
unit length. The tube is closed at both ends with flat end-plates, 400 mm in diameter and 
10 mm thick, each with a mass of 1.5 kg. The buoy carries, in its hollow body, an 
instrumentation payload with a mass 50 kg, and its top end should be 1 m above the 
water surface. Calculate the length of buoy required to satisfy this design brief. 
(10 marks) 
 
(c) Describe how such a buoy may be used to assess the depth to the sea floor in a remote 
location. 
(5 marks) 









h RR RL 
Water level 
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Q2 For the circular nozzle, shown in Figure Q2(a), operating at a flow rate of 1.81 × 10-3 m3 s-1, 
calculate: 
 
a) the exit velocity 
(2 marks) 
 
b) the power delivered for an upstream pressure of 27.6 MPa 
(3 marks) 
 
c) the energy density at the orifice 
(3 marks) 
 
The following equations may be used: Q = vA 
 













Figure Q2(a) High-pressure water-jetting nozzle (all dimensions mm, unless stated) 
 
 
d) Explain the importance of closed-circuit television (CCTV) camera surveying before 
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e) Diagnose the problem in each of the three CCTV sewer survey still images shown in 
Figure Q2(e) and propose a solution thereto. 
 
   




(Total: 25 marks)  
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Q3 Doppler wind, and rainfall, radar images from Berrimah, NT are provided in Figures Q3(a) and 
Q3(b). The wind data were sampled at 13:51 local time, and the rainfall data at 14:00 local time, 




Figure Q3(a) Doppler wind radar data: Berrimah 29 January 2018, chart radius 128 km. 
 
(Australian Government Bureau of Meteorology (2018) 128 km Darwin (Berrimah) Doppler wind, BoM, Melbourne, Australia. Available 
from: http://www.bom.gov.au/products/IDR633.shtml#skip. Last accessed: 29 January 2018.) 
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Figure Q3(b) Rainfall radar data: Berrimah 29 January 2018, chart radius 128 km. 
 
(Australian Government Bureau of Meteorology (2018) 128 km Darwin (Berrimah) Radar, BoM, Melbourne, Australia. Available from: 
http://www.bom.gov.au/products/IDR633.shtml#skip. Last accessed: 29 January 2018.) 
 
Explain what is indicated by the coloured regions in Figures Q3(a) and Q3(b) and their 
significance with respect to flooding in the region. In particular, explain the white band running 
across Figure Q3(a) and passing through the centre of the image. 
 
(Total: 25 marks)  
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Q4 Figure Q4(a) shows a typical open channel flow. 
 
Figure Q4(a) Open channel flow (elevation) 
 
a) Describe all important aspects of the flow shown in Figure Q4(a) by means of an 
annotated diagram and show that, for uniform flow, the head loss due to friction hf is 
equal to the change in the height of the channel above a horizontal datum. You may use 
the following information: 






















b) An open channel with a rectangular cross-section is shown in Figure Q4(b). The walls of 
the channel are made of precast concrete. Assuming that the slope of the channel bed is 
1 in 1000, and that the depth of water in the channel is 1.5 m, calculate the volumetric 
flow rate Q in m3 s-1. You may use the following information: 
Manning’s formula:  nimU
2132=  
 
Table Q4 Roughness coefficients 
Surface of channel walls Roughness coefficient n 
Precast concrete 0.011 
Dry rubble 0.020 
Rough walls with weeds 0.025 
 
 





                     
 
 
W = 8 m 
D = 1.5 m 
H = 4 m 
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c) Over time the walls of the channel considered in Q4(b) became rough and covered with 
weeds. Assuming that the volumetric flow rate calculated in Q4(b) remained the same, 
discuss how you would calculate the new depth of water in the channel, and estimate 
this new depth. 
Hint: you may assume a volumetric flow rate Q = 36.6 m3 s-1. 
 
(9 marks) 
(Total: 25 marks) 
